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Tevatron RunII Physics

Rich and wide physics program 
over ~10 orders of  magnitude of  
physics processes:

quarks and gluons (QCD)

Electroweak physics (W, Z, g, 
gauge couplings)

top physics

Higgs searches

New physics

I will only cover the most recent 
results

to date >500 Run II publications
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http://www-cdf.fnal.gov/internal/physics/

http://www-d0.fnal.gov/Run2Physics/WWW/results.htm

TEV
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Tevatron Performance
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A well oiled machine (no well and no oil involved)

Record inst. luminosities (>4×1032cm-2s-1)

Approaching 10fb-1 mark (already >2fb-1 in FY10)

Will show ~5fb-1 data
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CDF and D0

Typical detectors for hadron colliders

Top performance (>85% data taking efficiency)

> 7fb-1 per experiment
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Quarks and Gluons

pQCD tests

proton (and antiproton) structure

diffractive physics
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Crucial background understanding  for other measurements

Parton physics is 
reached through 
studies of  jets in the 
detector
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Z/γ* + jets

Reconstruct the muonic decay of  Z

Jets with ET>30GeV and |η| < 2.1

cone 0.7 jets

Good agreement with the NLO MCFM calculations
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6M. Casarsa Latest Highlights from CDF – DIS 2010

Z/!" + jets production
 High-pT muon data sample with 2.4 fb-1.

 Selected events with two opposite-sign muons:

66 < M
##

 < 116 GeV/c2;
0.7-cone midpoint jets with ET>30 GeV and
|y|< 2.1.

 Results compared to NLO pQCD predictions.
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Z+b jets

σ(Z+b)/σ(Z+jets)

Essential for b signatures (H, SUSY)

Selection:

Jet ET>20GeV

|η| < 1 

Use jet b-tagging probability
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I. INTRODUCTION

The measurement of the Z boson production cross section in association with one or more b jets provides an
important test of perturbative quantum chromodynamics (QCD) calculations [1]. The understanding of this process
and its description by current theoretical calculations is important because it provides a major background to various
analyses, e.g. searches for the Standard Model Higgs boson in the Z(→ !+!−/νν̄)H(→ bb̄) associated production
and to the searches for supersymmetric partners of b quarks. The process is also sensitive to the b quark density in
the proton, which is usually derived perturbatively from the gluon component of the parton distribution functions
(PDF). A precise knowledge of the b quark density is necessary to accurately predict processes that strongly depend
on it, such as electroweak production of a single top quark and production of non-standard model Higgs bosons in
association with b quarks.

FIG. 1: Diagrams contributing to the Qg → ZQ (Q = b, c) production.

FIG. 2: Diagrams contributing to the qq̄ → ZQQ̄ production.

The parton-level subprocesses that contribute to Z + b jet final states are shown in Figs. 1 and 2. In Fig. 1, a
single b quark from the proton undergoes a hard scatter and the other b quark typically remains soft, forward and
therefore undetected. In qq̄ initiated processes, Fig. 2, a bb̄ pair may be reconstructed in the same jet, or one of the b
quarks is not accepted by the detector or analysis selection criteria. Theoretical calculations for Z + b production are
currently available at the next-to-leading order (NLO) in QCD [1, 2]. According to perturbative QCD calculations,
both types of subprocesses are expected to contribute almost equally to the Z + b jet production at the Tevatron.

The DØ experiment provided the first measurement of the ratio of cross sections for Z +b jet to Z+ jets production.
The measured value of the ratio was found to be 0.021± 0.005 [3], which is consistent with the theoretical prediction
of 0.018 ± 0.004 [1]. This result was based on 180 pb−1 of data and the analysis assumed the ratio of the Z + b jet
to Z + c jets cross section from NLO calculations. The CDF experiment has also measured the ratio, as well as the
Z + b jet inclusive cross section using 2 fb−1 of data [4]. Their analysis did not use the theoretical prediction for
σ(Z + c jet)/σ(Z + b jet) and extracted the fractions of different jet flavors from data. The ratio of Z + b jet to
inclusive Z+ jets production measured by CDF is 0.0208± 0.0033 (stat.) ±0.0034 (syst.).

This paper describes a measurement of σ(Z + b jet)/σ(Z + jet) when the Z boson decays into dilepton final
states (pairs of muons or electrons) in pp̄ collisions at

√
s = 1.96 TeV. The measurement of the ratio benefits from

the cancellations of many systematic uncertainties such as uncertainty from luminosity and those related to the
identification of leptons and jets. The remaining systematic uncertainties arise from the difference between b jet and
c and light jet properties.
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(b) Leading jet pT fit

FIG. 6: a) rJLIP discriminant distribution of observed events in the combined sample with NN > 0.5. The
distributions of the b, c and light jets are weighted by their fractions found from the fit. b) The pT distribution is

shown for the same fractions.

measurements of the cross section ratio: one with the light jet template taken from the NT data and as a cross-check
from the Z+light jet MC sample. The difference in the results amounts to 7.5% and is taken as the systematic
uncertainty. The next largest contribution (of order 2.4%) comes from the uncertainty in the b-tagging efficiency
which is fluctuated by ±1 standard deviation around its central value and the result is propagated into the ratio
measurement. Similarly, uncertainties on the jet energy scale and energy resolution are independently fluctuated by
±1 standard deviation around their central values and the analysis is repeated to obtain a new value for the ratio.
These contribute about 4%. There is an additional uncertainty in the b jet energy scale and reconstruction efficiency
since the nominal jet energy scale and reconstruction efficiencies are determined with a generic data sample that mostly
consists of light jets. The corresponding differences between b and light jets are evaluated with MC and propagated
into the ratio measurement. The change in the ratio of 1.5% is assigned as the systematic uncertainty. Finally,
uncertainties due to the background contributions are evaluated: the diboson and tt̄ rates are fluctuated within the
uncertainties on their cross sections and the multijet background is varied with the uncertainty on the normalization
scale determined with data. This contribution is about 1%. Excluding the uncertainty due to template statistics, the
total systematic uncertainty from above mentioned sources is 9.1%. The result for the σ(Z + b jet)/σ(Z+ jet) ratio in
combined µµ and ee channels is 0.0176± 0.0024 (stat.) ± 0.0017 (template stat.) ± 0.0015 (syst.). The measurement
is consistent with the theoretical prediction of 0.0184 ± 0.0022 obtained for the kinematic region considered in the
analysis. The total uncertainty on the prediction includes those arising from renormalization scale, factorization scale
and parton distribution functions and are 0.0015, 0.0011, 0.0011 respectively.

V. CONCLUSIONS

The ratio of inclusive cross sections for pp̄ → Z + b jet to pp̄ → Z+jet production has been measured using 4.2 fb−1

of data collected by the DØ detector. Final states with Z → e+e− and Z → µ+µ− have been considered. For jets
with transverse momenta pT > 20 GeV in the pseudorapidity region of |η| ≤ 1, the combined measurement of the
ratio yields 0.0176± 0.0024 (stat.)±0.0023 (syst.), which is compatible with NLO QCD predictions.

R = 0.0176± 0.0024(stat.)± 0.0022(syst.)

NLO calculation = 0.0184± 0.022 
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W+charm

Probing strange PDF

Exploit the lepton charge 
correlation

N=NOS-NSS

σNLO = 16.5± 4.7pb
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1 Introduction

Associated W+ charm production proceeds, at lowest order, through sg and s̄g
fusion: sg → W−c and s̄g → W+c̄. As can be seen in Figures 1 and 2, the
charge of the lepton from the semileptonic decay of the charm quark and the
charge of the lepton from the W boson decay are opposite in sign. We exploit
this signature to distinguish Wc events from the large background of other W+
jet (light and heavy flavor) events.
At the Tevatron, the W + c signal is approximately 5% of the inclusive W+1
jet cross section for jets with a transverse momentum greater than 10 GeV [1].
The W + c signal is produced mainly by strange quark and gluon fusion. The
alternative process where the s quark is replaced by a d quark is suppressed by
the CKM quark mixing matrix element Vcd. Given the larger d quark parton
distribution function, the dg → Wc cross section is about 10% of the sg → Wc
rate. The sum of the dg and sg contribution is considered as our signal.

g

s, d

c

W−

g

s, d

c

W−

Figure 1: The leading order Feynman diagrams for W+charm production

2 Measurement Strategy

We select events in which the W boson decays leptonically, looking for a sig-
nature of one tight lepton (e or µ), missing transverse energy, and one recon-

Figure 2: Feynman diagram of W plus single charm production.

3

σ(W+single charm) ⋅ BR(W-->lν) = 33.7 ± 11.4(stat.) ± 7.3(syst.) pb
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structed jet. A cut on the transverse mass of the W boson at 20 GeV has been
applied to further reduce the contribution of multijet QCD background events.
To identify heavy flavor jet we use a soft electron tagger, described in details
in [2].
No correlation between the charge of the primary lepton (from the W decay)
and the charge of the soft electron would imply, on average, an equal number of
events in which these leptons have same sign (SS) and opposite sign (OS). We
count the number of OS and SS events passing our selection and use the same-
sign-subtracted sample to measure the Wc cross section. Background sources
for this selection are mainly W+jets, Z+jets, multijet QCD, and Drell-Yan
events, as well as a small contribution from diboson and single top events.
While, on average, the number of same sign and opposite sign events in Wbb̄
and Wcc̄ events should be equal (this is because we can either tag the q or the
q̄), we do expect some correlations between the signs of the primary lepton and
the soft electron in Drell-Yan events, and to a certain degree also in the W
+ light flavor sample and multijet QCD. This background comes mainly from
events where qq̄ → l+νXl−νX and one lepton is mistaken as coming from the
W decay while the other lepton is an SLTe tag.
Our observable quantity is the difference between the number of opposite sign
and same sign events: Nos − Nss. As always, the cross section is calculated
using the following formula:

σWc =
Nobs − Nbkg

ε · A ·
∫
L

(1)

• Nobs - number of events in data passing event selection (Ndata
OS − Ndata

SS ).

• Nbkg - number of non-Wc events expected to pass event (N bkg
OS − N bkg

SS )
selection, which is itself dependent on the assumed cross section

• ε - efficiency to tag Wc events (this is the efficiency for OS-SS events)

• A - kinematic and geometrical acceptance (same-sign-subtracted accep-
tance) for the lepton+jets selection (for pretag events)

•
∫

L - total integrated luminosity

3 Event Selection and Datasets

We use a total integrated luminosity of 4.3/fb. The baseline set of cuts for Wc
production in the W+1 jet in this measurement is based on the CDF top group
lepton+jets selection, where we ask for exactly one jet to obtain a W+1 jet
sample:

• an isolated 20 GeV lepton, lepton flavor must be consistent with the trigger
path

4
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Diphotons
Crucial for H→γγ 

Notoriously difficult to calculate

EM radiation from quarks and initial protons

various production mechanisms

Selection: 

two photons above 17, 15 GeV

|η|<1
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20 7 DIPHOX

7 Diphox

Diphox [11] is a fixed-order NLO Monte Carlo program calculating the kinematics and

cross sections of a h1 + h2 → 2γ + h3 process on an event-by-event basis, where the

particles h1,2,3 are hadrons. Each event may or may not have an unobserved hadron

h3 in the final state. In this analysis the program was run in a mode that produces

a ntuple with the event 4-momenta and weight (±1) and writes out the cross section

integrated over the available phase space. The examined kinematic variables were

calculated event-by-event from the ntuple information and then histogrammed and

normalized bin-by-bin by dividing the content of each bin by the factor Nb/σ, where

N is the total number of generated events, σ is the integrated cross section and b is

the size of the bin.

!

Figure 10: Diphoton production diagrams up to NLO.

The kinematic cuts were enforced both in the event generation, to obtain the correct

cross sections, and in histogramming, to ensure that the phase space is identical with

the data. The cuts applied were on the transverse momentum pγ
T ≥ 15 GeV (≥ 17

GeV for the second photon leg in the event selection) and rapidity |yγ| ≤ 1 of each

photon. In addition to these, the isolation cut was also applied on both photons in each
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3 jets

Can be used to test NLO calculation

Measure in three different 
pseudorapidity regions

and 3 pT regions

Leading pT>150GeV

Reasonable agreement with 
NLOJET++ calculations
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B physics 

σ (bb) at Upsilon(4s) = 1nb (B factories)

σ (bb) at Z0 = 7nb (LEP)

σ (bb) at 1.96TeV ppbar = 30μb

inelastic σ = 103 x σ (bb) → large background

complementary and competitive to B factories:

masses

lifetimes

decay widths and BR

CP asymmetries

rare decays

Precise tests of  the SM

Indirect evidence for NP via loops
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CP violation in Bs→ J/Ψ φ 

B mesons born as flavor eigenstates and mix

Observables are ΔMs and ΔΓs

Bs→ J/Ψ φ CP violation - interference between 
mixed and tree decays
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CP violation in mixing

b and bbar are produced in equal 
numbers - 50% will hadronizse into 
a neutral B (B0 or Bs)

1.3% of  the time both B decay to mu 

Two like sign muons from BB pair 
guarantees oscillations

N(++)≠N(--) → CP violation

3.2σ from SM prediction
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Y(4140)
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m:	  	  	  	  4143.4+2.9-‐3.0(stat)	  ±	  	  0.6(syst)	  	  	  MeV/c2

Γ:	  	  	  	  	  	  	  15.3+10.4-‐6.1(stat)	  ±	  2.5(syst)	  	  	  MeV/c2

Yield:	  	  	  	  	  	  	  	  19+6-‐5(stat)	  	  ±	  3(syst)	  	  	  	  	  	  	  	  
JPC=??+

m:	  4274.4+8.4-‐6.7(stat)±1.9(syst)	  MeV/c2

Γ:	  	  32.3+21.9-‐15.3(stat)±7.6(syst)	  	  MeV/c2

Yield:	  	  	  	  	  	  22	  ±	  8(stat)	  	  ±	  5(syst)	  
JPC=??+	  	  	  	  	  	  	  

3.1σ

Y(4140)

Evidence	  (>3.8σ)	  of	  a	  new	  structure	  Y(4140)	  was	  found	  @CDF	  using	  2.7	  C-‐1

Y(4140)	  →	  J/ψφ	  through	  exclusive	  B+	  →	  Y(4140)K+	  decay	  (PRL	  102,	  242002)

Y(4140)	  significance	  >5σ	  with	  the	  same	  cuts	  as	  before	  using	  5.0C-‐1	  data

SuggesWve	  evidence	  emerging	  for	  another	  structure	  at	  4270	  MeV/c2
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Bs→μμ  

BSM(Bs→μμ) = 3.6±0.3×10-9

Enhance by new physics in loops

tanβ  in SUSY 

Separate signal from background using model of  
background from sidebands

Check with B+→J/Psi(μ+μ-)K+ decays 
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Electroweak physics

Study the gauge 
sector

W mass and width

W and Z cross section

dibosons (VV)

rare decays

17
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W Mass and Width
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1600 2000 2400

Width of the W Boson

 [MeV]W February  2010

Measurement  [MeV]W

 / dof = 1.4 / 42

SM
* (Preliminary)

CDF-Ia  329±2,032 

CDF-Ib  138±2,043 

-ID  172±2,242 

CDF-II  72±2,033 

-IID  72±2,034 

Tevatron Run-I/II  49±2,046 

LEP-2*  83±2,196 

 42±World Av.* = 2,085 

 (GeV)Wm
80 80.2 80.4 80.6

LEP2 average  0.033±80.376 

Tevatron 2009  0.031±80.420 

D0 Run II  0.043±80.402 

D0 Run I  0.083±80.478 

Tevatron 2007  0.039±80.432 

CDF Run  II  0.048±80.413 

CDF Run 0/I  0.081±80.436 

World average  0.023±80.399 

July 09 

Mass of the W Boson

New TeV 
combination coming 

soon
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Anomalous Triple Gauge Couplings
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4 3 DATA AND MONTE CARLO SAMPLES

Figure 3: The general neutral gauge boson vertex V1V2V3 [6].

The relation of the couplings to physical quantities are as follows [6]:

µZ =
−e√
2mZ

E2
γ

m2
Z

(hZ
1 − hZ

2 ) Qe
Z =

2
√

10e

m2
Z

hZ
1

dZ =
−e√
2mZ

E2
γ

m2
Z

(hZ
3 − hZ

4 ) Qm
Z =

2
√

10e

m2
Z

hZ
3

where µ and d are the magnetic and electric dipole moments of the Z boson respectively.
And Qm and Qe are the quadrupole moments of the Z boson.

The anomalous couplings terms rise as the center-of-mass energy (ŝ) increases and
eventually the cross section amplitude violates tree-level unitarity (conservation of
probability). This can be avoided by introducing form factors that decrease with ŝ:

hV
i (ŝ) =

hV
i0

(1 + ŝ
Λ)n

(1)

where Λ is the energy scale of new physics contributing to the anomalous couplings. Λ
= 1.2 TeV is chosen in our measurement. n = 3 for hV

1,3 and n = 4 for hV
2,4 are chosen

to ensure that unitarity is preserved [3].

2.1 Current Limits on ZZγ and Zγγ Couplings

The current published limits on these couplings are summarized in Table 1. The results
from the D0 experiment are currently the most stringent published limits.

Previous CDFII studies set limits on anomalous Zγ coupling using 1 to 2 fb−1 ??.
The most recent CDF limits on anomalous Zγ couplings are shown in Table 2.

3 Data and Monte Carlo Samples

We use StNtuples to access the high-PT muon dataset. The high PT electron datasets
bhel0d-m and bhmu0d-m are used in this analysis. The total integrated luminosity of
the data is 5.1 fb−1, as the intersection of the GRLs without the good silicon require-
ment is used.

Parameterization from Gounaris et al
PRD 62 073012

CP: h1, h2

CP: h3, h4 

4 3 DATA AND MONTE CARLO SAMPLES

where µ and d are the magnetic and electric dipole moments of the Z boson respectively.
And Qm and Qe are the quadrupole moments of the Z boson.

The anomalous couplings terms rise as the center-of-mass energy (ŝ) increases and
eventually the cross section amplitude violates tree-level unitarity (conservation of
probability). This can be avoided by introducing form factors that decrease with ŝ:

hV
i (ŝ) =

hV
i0

(1 + ŝ
Λ)n

(1)

where Λ is the energy scale of new physics contributing to the anomalous couplings. Λ
= 1.2 TeV is chosen in our measurement. n = 3 for hV

1,3 and n = 4 for hV
2,4 are chosen

to ensure that unitarity is preserved [?].

2.1 Current Limits on ZZγ and Zγγ Couplings

Experiment LEP II D0 CDF (+MET) D0(+MET)
Luminosity(fb−1) 0.7 1.1 1.5 3.6

hZ
3 -0.20, 0.07 -0.083, 0.082 -0.05, 0.05 -0.033, 0.033

hZ
4 -0.05, 0.12 -0.005, 0.005 -0.0034, 0.0034 -0.0017, 0.0017

hγ
3 -0.049, 0.008 -0.085, 0.084 -0.051,0.051 -0.033, 0.033

hγ
4 -0.02, 0.034 -0.005, 0.005 -0.0034, 0.0034 -0.0017, 0.0017

Table 1: 95% C.L. limits on Zγ anomalous couplings.

The current published limits on these couplings are summarized in Table 2. The
results from the D0 experiment are currently the most stringent published limits.

Previous CDFII studies set limits on anomalous Zγ coupling using 1 to 2 fb−1 ??.
The most recent CDF limits on anomalous Zγ couplings are shown in Table 3.

3 Data and Monte Carlo Samples

We use StNtuples to access the high-PT muon dataset. The high PT electron datasets
bhel0d-m and bhmu0d-m are used in this analysis. The total integrated luminosity of
the data is 5.1 fb−1, as the intersection of the GRLs without the good silicon require-
ment is used.

Since anomalous couplings are expected to produce an excess of events at high Eγ
T

relative to the Standard Model, we select events with Eγ
T > 50 GeV; a study of the

placement of the cut in Fig. ??, shown later in the Note, indicates that the expected
limits are very insensitive to any choice≤ 100 GeV. We use the Joint-Physics definitions
for tight photons [?], and for leptons we require a leading lepton with ET > 20 GeV
and a second lepton with ET > 10 GeV. A ∆R > 0.7 requirement is placed between
the photon and the leptons. The lepton definitions are similar to the ones used by

Two leptons and a high ET photon

FSR/ISR only

New physics can contribute

H→Zγ
Add MET channel 

Z→νν+photon

MET+photon final state

MET = Missing Momentum in the 
Transverse Plane
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30 REFERENCES

Parameter Measured Limit in Data
hγ

3 (-0.021, 0.020)
hγ

4 (-0.0007, 0.0007)
hZ

3 (-0.020, 0.020)
hZ

4 (-0.0008, 0.0007)

Table 6: Data limits, Λ = 1500 GeV, Zγ → νν̄γ only

Parameter Measured Limit in Data
hγ

3 (-0.025, 0.025)
hγ

4 (-0.0009, 0.0010)
hZ

3 (-0.024, 0.026)
hZ

4 (-0.0010, 0.0010)

Table 7: Data limits, Λ = 1500 GeV, Zγ → l+l−γ only
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WZ selection

3 leptons and MET

σ = 3.9+1.06
-0.90 pb (SM=3.45)
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4

be described [1, 2] using a Lorentz invariant effective La-
grangian that contains fourteen dimensionless couplings,
seven each for WWγ and WWZ. Assuming electromag-
netic gauge invariance and CP conservation reduces the
number of independent couplings to five (electromagnetic
gauge invariance requires gγ

1 = 1), and the Lagrangian
takes the form:

LWWV

gWWV
= igV

1 (W †
µνWµV ν − W †

µVνWµν)

+ iκV W †
µWνV µν +

iλV

M2
W

W †
λµWµ

νV νλ

where Wµ denotes the W boson field, Wµν=∂µWν −
∂νWµ, Vµν = ∂µVν − ∂νVµ, V =γ or Z, and MW is the
mass of the W boson. The global coupling parameters
gWWV are gWWγ=−e and gWWZ = −e cotθW , as in the
standard model (SM) in which e and θW are the magni-
tude of the electron charge and the weak mixing angle, re-
spectively. In the SM λγ=λZ=0 and gγ

1=gZ
1 =κγ=κZ=1.

For convenience, anomalous trilinear gauge couplings
(anomalous TGCs) ∆κV and ∆gZ

1 are defined as κV − 1
and gZ

1 − 1, respectively.
The W boson magnetic dipole µW and electric

quadrupole qW moments may be expressed in terms of
the coupling parameters as

µW =
e

2MW
(gγ

1 + κγ + λγ)

qW = −
e

M2
W

(κγ − λγ)

As mentioned above, gγ
1=1.

If the coupling parameters have non-SM values then
the amplitudes for gauge boson pair production grow
with energy, eventually violating tree-level unitarity. The
unitarity violation can be controlled by parametrizing the
anomalous couplings as dipole form factors with a cut-
off scale, Λ. The anomalous couplings then take a form
a(ŝ) = a0/(1 + ŝ/Λ2)2 in which

√
ŝ is the center-of-mass

energy of the colliding partons and a0 is the coupling
value in the limit ŝ → 0 [3]. The quantity Λ is physically
interpreted as the mass scale where the new phenomenon
responsible for the anomalous couplings is directly ob-
servable. The cutoff Λ is conservatively set at the limit
of sensitivity, close to the collision center-of-mass energy.
We use Λ = 2 TeV; coupling limits depend only weakly
on Λ for Λ > 1 TeV in hadronic collisions at Tevatron
energies.

We measure the electroweak coupling parameters
through the study of gauge boson pairs. Several pro-
cesses contribute to SM boson pair production. Fig. 1(a)
shows t-channel production of dibosons in which V1V2 are
WW , WZ, or Wγ. The s-channel production shown in
Fig. 1(b) involves boson self-interactions through a tri-
linear gauge vertex. Final states (V1V2) produced via the
WWZ coupling are WW or WZ. Final states produced

q V1

q̄ V2

V0

q V1

q̄ V2(a) (b)

FIG. 1: Vector boson pair production via (a) t-channel and
(b) s-channel diagrams. For V1 = W and V2 = γ/Z, V0 = W .
For V1 = V2 = W , V0 = γ/Z.

through the WWγ coupling are WW or Wγ. The typical
effect of anomalous TGCs is to increase the cross section
especially at high boson transverse momentum (pT ). We
thus analyze corresponding observables to measure such
effects.

Previously published limits on anomalous TGCs from
a combination of channels come from the D0 Collabora-
tion in the 1992-1996 Tevatron run with integrated lumi-
nosity (L) of 100 pb−1 [4], the CDF Collaboration with
the current Tevatron run (L∼350 pb−1) [5], and LEP2
experiments [6]. The best previously published W boson
magnetic dipole moment result is from a combination of
measurements by the DELPHI Collaboration [7].

In this Letter, we investigate the WWγ and WWZ tri-
linear vertices through diboson production. We set limits
on the non-SM or anomalous TGC parameters λV , ∆κV ,
and ∆gZ

1 . These limits are derived from a combination
of previously published measurements involving four final
states: Wγ→&νγ [8], WW→&ν&′ν [9], WZ→&ν&′&̄′ [10],
and WW/WZ→&νjj [11], in which & is an electron or
muon, ν is a neutrino, and j is a jet. Each measure-
ment used data collected by the D0 detector [12] from
pp̄ collisions at

√
s = 1.96 TeV delivered by the Fermilab

Tevatron Collider.
The process Wγ→&νγ is sensitive only to the WWγ

coupling. The process was studied with data corre-
sponding to 0.7 fb−1 [8]. The main requirements were
an electron with transverse energy ET >25 GeV or a
muon with transverse momentum pT >20 GeV, a pho-
ton with ET >9 GeV, missing transverse energy E/T >25
(20) GeV for the electron (muon) channel, and separa-
tion between the photon and lepton in η−φ [13] space
of ∆R=

√

(∆η)2 + (∆φ)2>0.7. Furthermore, to sup-
press final state radiation the three-body transverse mass
[14] of the lepton, photon, and E/T was required to ex-
ceed 120 (110) GeV for the electron (muon) channel.
In total 180 (83) candidate eνγ (µνγ) events were ob-
served. After subtracting backgrounds, the signal was
130±14stat±3.4syst (57±8.8±1.8) events, consistent with
the SM prediction of 120±12 (77±9.4) events for the eνγ
(µνγ) channel. The photon ET spectra of the Wγ can-
didates in the data and those estimated for the back-
grounds are input into the combination. For Wγ pro-
duction in the presence of TGCs, spectra were simulated
using the Baur Monte Carlo (MC) [15, 16] with a fine
grid in λγ−∆κγ space.
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Parameterization from Hagiwara et al
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Source eee eeµ eµµ µµµ
ZZ 0.39± 0.07 1.48± 0.20 0.40± 0.07 1.26± 0.23
V+jets 0.63± 0.17 0.56± 0.24 0.03± 0.01 0.17± 0.05
Zγ 0.28± 0.08 < 0.001 0.66± 0.34 < 0.001
tt̄ 0.03± 0.01 0.05± 0.01 0.04± 0.01 0.03± 0.01
Total bkg. 1.33± 0.21 2.11± 0.31 1.13± 0.35 1.46± 0.24
WZ signal 5.9± 0.8 6.9± 0.8 4.7± 0.6 5.8± 0.8
Observed 9 11 9 5

TABLE II: Number of observed events, expected number of signal events, and expected number of background events for each
final state signature with total (statistical and systematic) uncertainties.

and obtain normalized to luminosity pT spectrum of the
Z boson. This spectrum combined with that from the
estimated background is compared with the measured Z
boson pT spectrum in data. The likelihood of the match
is calculated with the assumption of Poisson statistics
for the signal and Gaussian uncertainties for the back-
ground. The two-dimensional 95% C.L. limit contours
in three planes, (∆κZ ,λZ), (∆gZ1 ,λZ), and (∆gZ1 ,∆κZ),
are shown in Fig. 4. In each case the third coupling is re-
stricted to the SM value. For the HISZ parameterization
the results are presented as limits on two coupling param-
eters: ∆κZ and λZ . The corresponding two-dimensional
95% C.L. limit contour is shown on Fig. 5. The one-
dimensional limits on the coupling parameters obtained
without any coupling relation and with HISZ parameter-
ization are summarized in Table III.

Coupling relation 95% C.L. Limit
∆gZ1 = ∆κZ = 0 −0.075 < λZ < 0.093
λZ = ∆κZ = 0 −0.053 < ∆gZ1 < 0.156
λZ = ∆gZ1 = 0 −0.376 < ∆κZ < 0.686
∆κZ = 0 (HISZ) −0.075 < λZ < 0.093
λZ = 0 (HISZ) −0.027 < ∆κZ < 0.080

TABLE III: One-dimensional 95% C.L. limits on anomalous
coupling parameters obtained from varying one of the cou-
plings while fixing the remaining couplings to the SM values
(top three results). The last two results correspond to one-
dimensional 95% C.L. limits on anomalous coupling param-
eters for the HISZ parameterization. A form factor scale of
Λ = 2 TeV is used.

In summary, we have presented a measurement of
the WZ production cross section using 4.1 fb−1 of in-
tegrated luminosity of D0 data. We observe 34 events
with 23.3 ± 1.5 expected signal events and 6.0 ± 0.6 es-
timated background events. We measure the WZ cross
section to be 3.90+1.06

−0.90 pb, which is in agreement with
the SM NLO prediction of 3.25 ± 0.19 pb [19]. This is
the most precise measurement to date of the WZ cross
section. We find no evidence for anomalous WWZ cou-
plings and set 95% C.L. limits of −0.075 < λZ < 0.093
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FIG. 4: (Color online) Two-dimensional 95% C.L limit con-
tours on (∆κZ ,λZ) (a), (∆gZ1 , λZ) (b), and (∆gZ1 ,∆κZ) (c).
The point corresponds to the minimum of the likelihood sur-
face. The vertical and horizontal lines represent the one-
dimensional limits calculated separately. A form factor scale
of 2 TeV is used.
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Vadim Rusu - Updates from  TevatronPASCOS 2010

Top quark

Long history at the Tevatron since its discovery 

Heaviest particle in the SM

dominant contribution in quantum loops

might hold some key to the origin of  mass question

might couple to new physics more strongly

Attack top from all possible angles

mass, cross section

single top production

properties: lifetime, spin, helicity, asymmetries

21
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Top Mass

Approaching <1GeV uncertainty

Way better than simple √L

Entering precision era

22

80.3

80.4

80.5

150 175 200

mH [GeV]
114 300 1000

mt  [GeV]

m
W

  [
G

eV
]

68% CL

LEP1 and SLD
LEP2 and Tevatron (prel.)

March 2009

)2 (GeV/ctopm
150 160 170 180 190 200

0

14

CDF March’07  2.2± 1.5 ±12.4 

Tevatron July’10
*

 0.9± 0.6 ±173.3 
  (syst.)±(stat.)  

CDF-II trk  3.0± 6.2 ±175.3 

CDF-II all-j  1.9± 1.7 ±174.8 

CDF-I all-j  5.7±10.0 ±186.0 

D0-II l+j
*

 1.6± 0.8 ±173.7 

CDF-II l+j
*

 1.1± 0.6 ±173.0 

D0-I l+j  3.6± 3.9 ±180.1 

CDF-I l+j  5.3± 5.1 ±176.1 

D0-II di-l
*

 2.4± 2.9 ±174.7 

CDF-II di-l
*

 3.1± 2.2 ±170.6 

D0-I di-l  3.6±12.3 ±168.4 

CDF-I di-l  4.9±10.3 ±167.4 

Mass of the Top Quark (*Preliminary)

/dof = 6.1/10.0 (81%)2!

Figure 1: A summary of the input measurements and resulting world average mass of the top
quark.
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tt cross section

23
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Systematic e+jets µ+jets
Correlated between channels

Jet ID X X
Jet energy scale X X
Jet energy resolution X X
Taggability X X
Electron ID X
Muon ID X
Muon track X
Muon isolation X
Data quality X X
∆z(l, PV ) X X
Primary vertex X X
Vertex confirmation X X
PDF X X
signal modeling X X
Color Reconnection X X
ISR/FSR X X
W+jets heavy flavor scale factor X X
Z+jets heavy flavor scale factor X X
b-fragmentation X X
b-Jet energy scale X X
Lumi reweighting X X
pT (Z) reweighting X X
b- c-tag SFs X X
fake tag rate X X
Integrated luminosity X X
background cross sections X X
branching fractions X X

Uncorrelated
!+jets trigger X X
Monte Carlo statistics X X
Template statistics X X
Statistics in loose–tight X X
εqcd in µ+jets X
εqcdin e+jets X
εsignal in µ+jets X
εsignalin e+jets X

TABLE III: Summary of systematic uncertainties in each channel and the correlations between the systematics.

channel σtt̄[pb]
e+jets 6.53+0.79

−0.69 (stat+syst+lumi)
µ+jets 8.37+1.08

−0.93 (stat+syst+lumi)
!+jets 7.70+0.79

−0.70 (stat+syst+lumi)

TABLE IV: Measured tt̄ production cross section using kinematical information for separate channels derived with the nuisance
parameter fit. Uncertainties include statistical and systematic contributions.

using kinematic event information and

σtt = 7.93+1.04
−0.91 (stat + syst + lumi) pb,

using b-jet identification to separate signal and background. Both results are in agreement and consistent with the
theoretical predictions of 7.46+0.48

−0.67 pb ([1]) based on the full NLO matrix element including soft-gluon resummation
at NNLO logarithmic accuracy.

DØNote 6038-CONF

Measurement of the tt̄ Production Cross-Section in

Dilepton Final States at DØ using 5.3 fb−1 of Data

The DØ Collaboration
(Dated: March 10, 2010)

We present a measurement of the production cross-section for top-antitop events decaying into
electron-muon, dimuon or dielectron plus jets final states in proton-antiproton collisions at

√
s =

1.96 TeV using 4.3 fb−1 of integrated luminosity collected with the DØ detector from June 2006
to June 2009. The measured cross-sections after taking into account the corresponding branching
ratios and assuming a top quark mass of 172.5 GeV are:

ee : σtt̄ = 9.0+1.6
−1.4 (stat) ± 1.4 (syst) ± 0.7 (lumi) pb

eµ : σtt̄ = 9.1+0.8
−0.7 (stat) ± 1.0 (syst) ± 0.6 (lumi) pb

µµ : σtt̄ = 7.2+1.5
−1.4 (stat) +1.3

−1.4 (syst) ± 0.7 (lumi) pb.

These results are combined with the 1 fb−1 result previously published [3] leading to:

"" : σtt̄ = 8.4 ± 0.5 (stat) +0.9
−0.8 (syst) +0.7

−0.6 (lumi) pb.

Preliminary Results for Winter 2010

9

Systematic e+jets µ+jets
Correlated between channels

Jet ID X X
Jet energy scale X X
Jet energy resolution X X
Taggability X X
Electron ID X
Muon ID X
Muon track X
Muon isolation X
Data quality X X
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Vertex confirmation X X
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Integrated luminosity X X
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Uncorrelated
!+jets trigger X X
Monte Carlo statistics X X
Template statistics X X
Statistics in loose–tight X X
εqcd in µ+jets X
εqcdin e+jets X
εsignal in µ+jets X
εsignalin e+jets X

TABLE III: Summary of systematic uncertainties in each channel and the correlations between the systematics.

channel σtt̄[pb]
e+jets 6.53+0.79

−0.69 (stat+syst+lumi)
µ+jets 8.37+1.08

−0.93 (stat+syst+lumi)
!+jets 7.70+0.79

−0.70 (stat+syst+lumi)

TABLE IV: Measured tt̄ production cross section using kinematical information for separate channels derived with the nuisance
parameter fit. Uncertainties include statistical and systematic contributions.

using kinematic event information and

σtt = 7.93+1.04
−0.91 (stat + syst + lumi) pb,

using b-jet identification to separate signal and background. Both results are in agreement and consistent with the
theoretical predictions of 7.46+0.48

−0.67 pb ([1]) based on the full NLO matrix element including soft-gluon resummation
at NNLO logarithmic accuracy.

σNLO=
All channels:

lepton+jets

dileptons

all hadronic

With and without b-tagging
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Top-Antitop mass difference

Test of  CPT

5.6fb-1 ~ 2300 reconstructed top events (lepton+jets)

Perfect example of  utilizing existing machinery with large datasets

Introduce ΔMreco = Mtop - Mantitop in the fit

Δ Mtop = -3.3±1.7 GeV/c2
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Top Width

ΓSM=1.5GeV → τtop = 5×10-25s

25

Same fitting machinery

Introduce Γtop as extra parameter in the fit

Study the Mreco vs Γtop  
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Afb in tt

Semileptonic decays

Assume CP - measure the asymmetry in 
-Q × yhad

26

4 EVENT RECONSTRUCTION 8

Figure 2: tt̄ Lepton Plus Jets Event Figure 3: Matching Jets To Quarks

4.1 Matching Jets To Quarks And Reconstructing The Neu-
trino

The problem of reconstructing the tt̄ event is a combinatoric one: we must choose
between a number of possible arrangements. The highest four energy jets in the event
are assumed to come from the four quarks in the tt̄ process. Matching four jets to four
quarks leads to 24 possible combinations. This can be reduced by a factor of two since
interchanging the two quarks from W-boson decay does not change the kinematics of
the event.

Because we cannot measure the momentum of the event along the beam direction,
we cannot infer the Pz of the neutrino from “missing Ez”. However, we can calculate
the neutrino Pz by requiring that the lepton and neutrino be consistent with the known
mass of the W-boson. This calculation involves a quadratic equation and produces two
solutions for the neutrino Pz. Both solutions are considered. Together with the jet
assignments, the event has 24 possible combinations.
Our strategy is to test each combination for consistency with the “tt̄ hypothesis”. That
hypothesis has four main components:

• The lepton and neutrino are decay products of a W-boson (W → lν)

• Two jets are decay products of a W-boson (W → jj)

• The lepton, neutrino, and a third jet are final states from a top quark decay
(t→ lνj)

• The two jets from W → jj and a fourth jet are final states from the other top
quark decay (t→ jjj)

The consistency of each combination with the tt̄ hypothesis is assessed with a χ2

test. The χ2 equation is:

2 EVENT SELECTION SUMMARY 6

1.4.2 Previous Published Results

Employing these techniques, Reference [1], using 1.9 fb
−1

of data, observed

Afb(cos(θ)) = App̄
fb = 0.17 ± 0.08 (7)

Afb(∆y) = Att̄
fb = 0.24 ± 0.14 (8)

The pp̄ frame value is large, but consistent with the NLO prediction of Afb =

0.05 ± 0.015% within large uncertainty. The results in the two frames are consistent

with the theoretcially expected expected dilution of 30% in passing from tt̄ to pp̄ frames

[2].

1.5 The Current Measurement

Our measurement here uses the laboratory direction of the hadronic system and is thus

a pp̄ frame measurement. We substitute the more natural top quark rapidity for the

laboratory production angle. We have increased the dataset from 1.9 fb
−1

up to 3.2

fb
−1

. We study the rapidity, yhad of the hadronically-decaying top (or anti-top) system,

tagging the charge with the lepton sign Ql from the leptonically decaying system. We

assume CP and measure the asymmetry in −Q · yhad

Afb =
N(−Q · yhad > 0)−N(−Q · yhad < 0)

N(−Q · yhad > 0) + N(−Q · yhad < 0)
(9)

We subtract backgrounds and perform a model-independent correction for accep-

tance and reconstruction dilutions in order to find the asymmetry so it can be compared

with theoretical predictions. We also show an independent cross-check using a likeli-

hood fit to templates derived from linear asymmetry in the top production angle in

the tt̄ rest frame (1 + A cos(α)).

2 Event Selection Summary

This analysis selects tt̄ events in the lepton plus jets channel where one top decays

semi-leptonically (t → lνb) and the other hadronically (t → qq̄b). Selection begins by

requiring a single high transverse momentum electron or muon in the central portion of

the detector ( |pt| > 20 GeV/c and |η| < 1.1). In addition, we require a large amount

of missing transverse energy as evidence of the presence of a neutrino ( �ET ≥ 20 GeV).

Each event must have four or more tight jets (|Et| > 20 GeV/c and |η| < 2.0) and

at least one jet must have two tracks that form a secondary vertex (a “tagged” jet).

A tagged jet is evidence that the jet originates from a “b” quark and therefore this

requirement reduces W plus light flavor background processes which dominate the

event sample. The above selection produces roughly a 3.6 to 1 signal to background

t
 = -y

t
 = y

had
-q*y

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Ev
en

ts

0
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Reconstructed Top Rapidity (Lab)
Data
 + Bkgtt

Bkg

 0.028± = 0.073 Data
fbA

 0.0025± = -0.019 +Bkgtt
fbA

 0.0021± = -0.0085 Signal
fbA

 0.0082± = -0.054 Bkg
fbA

CDF II Preliminary
     L = 5.3 fb                               -1

Alab:	  AFB	  =	  0.150	  ±	  0.050stat	  ±	  0.024syst
A^bar:	  AFB	  =	  0.158	  ±	  0.072stat	  ±	  0.017syst
Study	  rapidity	  dependence	  using	  A^bar

	  	  	  	  Δy<1.0	  :	  AFB	  =	  0.026	  ±	  0.104stat	  ±	  0.055syst	  

	  	  	  	  Δy>1.0	  :	  AFB	  =	  0.611	  ±	  0.210stat	  ±	  0.141syst

	  MCFM	  :	  0.039	  ±	  0.006	  (<1),	  0.123	  ±	  0.018	  (>1)

unfolded to parton level

-
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FIG. 2: Expected and observed tt invariant mass distribution for the combined � + 3jets, and � + 4 or more jets channels, with
at least one identified b-jet. The error bars for the data drawn on top of the SM background indicate the statistical uncertainty.
Superimposed as white area is the theory signal for a top-color-assisted technicolor Z� boson with MZ� = 650 GeV. The number
of data, signal and expected background events from each source are indicated in Table I.

yields for the data and background sources are indicated in Table I. Invariant mass distributions are computed for
events with exactly one b-tag and for events with more than one b-tag. Additionally, the distributions are separated
into 3 jet and 4 or more jet samples, as well as Run IIa and Run IIb data ranges. The measured invariant mass
distributions and corresponding background estimations are shown in Fig. 2 for the 3 and ≥ 4 jet samples for Run
IIa and Run IIb samples combined.

Finding no significant deviation from the standard model expectation, a Bayesian approach is applied to calculate
95% C.L. upper limits on σX · B(X → tt) for hypothesized values of MX between 350 and 1000GeV. A Poisson
distribution is assumed for the number of observed events in each bin, and flat prior probabilities are taken for the
signal cross-section times branching fraction. The prior for the combined signal acceptance and background yields is
a multivariate Gaussian with uncertainties and correlations described by a covariance matrix [32].

The expected and observed 95% C.L. upper limits on σX · B(X → tt) as a function of MX , after combining the 1
and 2 b-tag samples and the 3 and ≥4 jet samples, are summarized in Table II and displayed in Fig. 3. Figure 3 also
shows the theoretical prediction [5] for the topcolor Z � resonance production. The 95% C.L. lower Z � mass limit is
derived by intersecting the theory prediction with the expected (observed) 95% C.L. lower limit on σX · B(X → tt̄).
The expected limit for the Z � boson is 870 GeV. The full Run II dataset used in this analysis excludes a Z � boson
with masses MZ� < 820GeV. The limits for the Run IIa (Run IIb) subsamples individually are 685 (820) GeV.

Figure 4 shows the measured σX · B(X → tt̄) values as a function of MX , together wtih the expected exclusion
region. The small excess of events around MX ≈ 650 GeV seen in Fig. 2 gives rise to an observed resonance cross
section of less than 2σ significance.

The limits for pure vector or pure axial vector couplings of the Z’ to top quark pairs were compared for part of
the Run IIb data set (1.2 fb−1). No difference was observed, therefore we conclude that our limit is valid for narrow
resonances of any arbitrary vector and axial vector couplings.

Resonant tt

A classic interplay between the 
two experiments

typical ttbar selection

lepton+MET+jets (b tagged)

signal and background separated 
based on ME calculation

Z`→ ttbar
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t’

Fourth gen fermions

t’→ Wq (mt’-mb’<mW)

reconstruct t’ based on kinematic fit

or simply look at lνj mass 
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New Physics

Active program for BSM physics

SUSY

Extra dimensions

Hidden Valley

New Fermions

Heavy Bosons

Signature based searches

...

29
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Hidden Valley with Leptonic Jets

Hidden particles → light and boosted

Collimated lepton pairs→ lepton jets

Large MET from χ - LSP in hidden 
sector

Background = multijet production

30
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Leptoquarks or sbottom pairs

MET and b quarks

SUSY and leptoquarks

sbottom pair production

LQ3→ ντ + b

 Selection:

two b-tagged jets and MET

Optimize for each signal

31

tagged

Submitted to Phys Lett B; arXiv:1005.2222v2
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GMSB SUSY
diphoton + MET

GMSB SUSY or UED

NLSP→ G+γ 

4 events observed with MET>50GeV

6.9±1.0 expected from background
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sneutrinos

RPV SUSY sν→ eμ
Search for e - μ pair at high invariant mass

Main background Z → τ τ 

semileptonic τ decays
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Bump Hunting

High Mass in two photons

Use DIPHOX generator to infer a 
background shape

Other instrumental from the data

Fit to mγγ distribution

normalize to low mass region

Largest excess around 450 in mγγ 

2.3 σ  (D0) 
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Bump Hunting 

High mass dielectron or dimuon resonances

Each experiment has now more than 1M Zs datasets

mZ’SM>1.071TeV (CDF)

mZ’SM>1.023 TeV (D0)
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Higgs Hunting Guide

Light H

36

Heavy H

9

where

xobs are the observed “leptons” and !E/T ,
y are the true lepton four-vectors (including neutrinos),
σth

m is the leading-order theoretical calculation of the cross-section for mode m,
ε(y) is the total event efficiency × acceptance,
G(xobs, y) is an analytic model of resolution effects, and

1
<σm> is the normalization.

The function ε(y) describes the probabilities of a parton level object (e, µ, γ, or parton) to be reconstructed as one
of the lepton categories. The efficiency function is determined solely from Monte Carlo for e and µ but comes from
a combination of Monte Carlo and data-driven measurements described in Section V for γ and partons. The event
probability densities are used to construct a discriminant:

LRS(xobs) ≡
PS(xobs)

PS(xobs) + ΣikiPi(xobs)
,

where S is either WW or H → WW , ki is the expected fraction for each background and Σiki = 1.
Because of the missing neutrinos in the final state, the integral in Equation 1 integrates out the unobserved degrees

of freedom (DOF) reducing the 12 DOF in y to the eight measured DOF. Distributions of the 5 neural network input
variables with the expected and observed yields for signal and background are shown in Fig. 1. The NN output
templates are shown in Fig. 2 for mH = 160 GeV/c2.
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FIG. 1: Distributions of input variables to the neural network for opposite-sign dilepton events with zero jets in the final state:
(a) ∆R of the leptons (b) ∆φ of the leptons (c) leading lepton pT (d) subleading lepton pT (e) HT (f) transverse mass MT (llE/T )
(g) LRHWW (h) LRWW (i) M!!.

B. 1-jet Analysis

The 1-jet analysis uses 8 input variables. The inputs are: the M"", the MT (llE/T ), the ∆R between the leptons, the
scalar sum of the leptons’ and jets’ ET and the E/T (HT), the E/T spec, the pT (l1), the pT (l2), and the energy of the
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All fronts

More information than simple mass or angular distributions

Sophisticated analysis techniques: ANN, BDT, etc. 

Large number of  final states being investigated:

WH → l ν bb (l=e, μ , τ )

• WH→ WWW

ZH → ll bb (l = e, μ, τ, ν )

H → WW

H→ γ γ 

H → τ τ 
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SM Higgs searches
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SM Higgs searches

Full range TeV wide combination in the works
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and 4 described below.
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FIG. 2: (color online). Distributions of LLR as functions of
the Higgs boson mass. We display the median values of the
LLR distribution for the b-only hypothesis (LLRb), the s+b
hypothesis (LLRs+b), and for the data (LLRobs). The shaded
bands indicate the 68% and 95% probability regions in which
the LLR is expected to fluctuate, in the absence of signal.

We extract limits on SM Higgs boson production in
pp̄ collisions at

√
s = 1.96 TeV in the mH = 130-200 GeV

mass range. We present our results in terms of Rlim, the
ratio of the limits obtained to the rate predicted by the
SM, as a function of the Higgs boson mass. We assume
the production fractions forWH , ZH , gg→H , and VBF,
and the Higgs boson decay branching fractions, are those
predicted by the SM. A value of Rlim less than or equal
to one indicates a Higgs boson mass that is excluded at
the 95% C.L.
The ratios of the expected and observed limits to the

SM cross section are shown in Fig. 3 as a function of mH .
The observed and median expected ratios are listed in Ta-
ble I, with observed (expected) values for the Bayesian
method of 1.04 (0.92) at mH = 160 GeV, 0.93 (0.87) at
mH = 165 GeV, and 1.26 (1.04) at mH = 170 GeV. We
use piecewise linear interpolations to display the combi-
nation results in Figs. 2–4, and to quote the observed
and expected excluded mass ranges. We exclude the
SM Higgs boson in the mass range 162 to 166 GeV. The
Bayesian calculation, chosen a priori, was used for this
exclusion. The corresponding expected exclusion, from
159 to 169 GeV, encompasses the observed exclusion.
The CLs calculation yields similar results, as shown in
Fig. 4. The 1-CLs distribution, which can be directly
interpreted as the level of exclusion of our search, is dis-
played as a function of the Higgs boson mass. For in-
stance, our expected limit shows that in the absence of
signal the median 1-CLs value with which we expect to
exclude a SM Higgs boson of mass 165 GeV is 97%.
In summary, we present the first combined Teva-

tron search for the SM Higgs boson using the
H→W+W− decay mode. No significant excess of can-
didates is found above the background expectation for
130<mH<200 GeV. We exclude the mass range from
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FIG. 3: (color online). Observed and expected (median, for
the background-only hypothesis) 95% C.L. upper limits on
SM Higgs boson production. The shaded bands indicate the
68% and 95% probability regions in which Rlim is expected
to fluctuate, in the absence of signal. The limits displayed in
this figure are obtained with the Bayesian calculation.

 (GeV)Hm
130 140 150 160 170 180 190 200

s
1-

CL

0.6

0.7

0.8

0.9

1

1.1

1.2

 (GeV)Hm
130 140 150 160 170 180 190 200

s
1-

CL

0.6

0.7

0.8

0.9

1

1.1

1.2 -1L=4.8-5.4 fb
CDF+D0 Run II

 Expecteds1-CL
 Observeds1-CL

!1 ±Expected 
!2 ±Expected 

95% C.L.

FIG. 4: (color online). Distribution of 1-CLs as a function
of the Higgs boson mass obtained with the CLs method. The
shaded bands indicate the 68% and 95% probability regions
in which the LLR is expected to fluctuate, in the absence of
signal.

162 to 166 GeV at the 95% C.L. This is the first di-
rect constraint on the mass of the Higgs boson beyond
that obtained at LEP.
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Fourth generation 

Fourth generation quarks and leptons

σ (ggH) enhanced by ~3

Each additional quark contributes ~top in the loop
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Some new additions?

Searches with taus (D0)

WH → qq + ττ 

Searches with photons (CDF)

H→ γ γ 
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A Precursor to the Higgs

Low mass Higgs: WH → l ν + bb

Dibosons: W+W/Z → l ν + jj

larger cross section

should be observed first
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Prospects
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3b Higgs

Enhanced at high tanβ  in MSSM

Look for three jets b tagged

Estimate based on data - two b 
tags and X and use P(x→b)

44

T. Wright HDG 2/19/2010 2
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Conclusions

This is the prime time for the Tevatron

RunII game was the luminosity

2011 running means >10fb-1 per exp.

Higgs will be very tough but not impossible
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BACKUP

46
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Trileptons - Heavy Gauge Boson

Similar to SUSY chargino/neutralino but 
high pT → decays to SM gauge boson 
pair

large MET and three leptons

opposite sign same flavor pair consistent 
with Z

Data consistent with SM expectation

47

Phys. Rev. Lett. 104, 061801 (2010)
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Muon Charge Asymmetry 

pp→ W+X→ μν + X
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Hyperons

In the min bias sample:

Λ0→pπ

 Ξ±  → Λ0π± 

Ω±  → Λ0 K±  

pT cross section for hyperon with |η|<1 
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